Erect posture in man is a recent affordance from an evolutionary perspective. About eight million years ago, the stock from which modern humans derived split off from the ape family, and from around sixty-thousand years ago, modern man developed. Upright gait and manipulations while standing pose intricate cybernetic problems for postural control. The trunk, having an older evolutionary history than the extremities, is innervated by medially descending motor systems and extremity muscles by the more recent, laterally descending systems.
INTRODUCTION
"Posture" might be defined as the position of the body in relation to the gravitational vector and of the body-segments in relation to each other, both in static and in dynamical conditions (e.g., Gramsbergen, 1998) . Deficient postural control in human infants is considered an important factor in several developmental disorders concerning motor control (Aicardi & Bax 1992) , and for that reason, this aspect has been in the center of interests of rehabilitation therapists, pediatric neurologists and neurobiologists, for example. When considering postural control from a neurophysiological point of view, it is important to realize that this control as such is an abstraction from motor control. Indeed, abnormalities in motor patterns might be traced back to abnormalities in controlling the trunk or to abnormalities in maintaining equilibrium. Therefore, assessing the reactions to perturbations or analyzing such motor patterns as reaching in babies or' rearing in rats can help to investigate this specific aspect of motor control.
Yet, movements and postural control in normally functioning individuals are fully integrated and distinguishing one or the other aspect in an ongoing movement basically is impossible. On the other hand, it should be realized that the trunk and neck, instrumental in keeping the body erect or straight, and the extremities involved in locomotor and manipulative movements have different phylogenetic histories. The trunk has a history stretching over billions of years, whereas the extremities are from a more recent past, and the fine and delicate neural control of finger move-ments emerged only a few million years ago. Interestingly, these differential ancestries are reflected in important differences in those sub-systems of the central nervous system that govern the trunk and extremity muscles, respectively. A similar example is the visual system in man, in which the fovea, projecting via the geniculate nucleus to the visual cortex, is fully integrated with the subcortical retino-tectal system active in directing gaze (Deacon, 1992) . The latter system (involving peripheral retinal fields, tecto-spinal, and tectobulbar projections) developed early in evo-lution, whereas acuity and color vision (depending upon tightly packed cones in the fovea and on cortical circuitry) has developed only recently. These examples illustrate that phylogenetically older systems can persist alongside newer systems, both being fully integrated into one functioning system. Yet, differences between older and newer elements can remain apparent, generally by their circuitries and localization, often by their develop-mental pathways and sometimes by differential vulnerabilities to trauma. This is the background for considering in this essay some evolutionary aspects of postural control and movements.
EVOLUTION OF TRUNK AND EXTREMITIES
Evolution is based upon the selection of those variations in the genome that provide groups of individuals with increased adaptational possibilities (Gould, 2000) . Evolution principally is an autonomous process, new behaviors became possible and new structures spontaneously emerged during evolution rather than being caused by it (Dover, 2000) .The possibilities to make use of alternative and richer food supplies, particularly in circumstances of diminishing resources, have given certain varieties decisive advantages over others who could not, and the need for food in particular has been considered a powerful selective agent throughout evolution. The evolution from ancient forms of animal life clearly illustrates this point. The earliest animals reside in the water, remaining on one place, and wait for food to come to them. Sea anemones with a nervous system consisting of a diffuse network of neural cells are examples of such 'primitive' creatures. Sea anemones do move by changes of posture, they even present moods by postural changes (Reisinger, 1926) (Grillner, 1981 'human' build, the homo habilis, the handy men, to 1.5 meters tall and with a brain size of between 500 and 800 mL. From 1.8 million years ago, a new variety developed in Africa, the homo erectus, being 1.3 to 1.5 meters tall and distinguished from the earlier homo habilis by an increased brain size of 800 to 1200 mL. Hominids with these characteristics obviously migrated from one million years ago to Asia, the Indonesion isles, and possibly to Europe as well (Stringer, 2002) . Based on artifacts that were found in Georgia, it appeared that they used tools made of wood, which must have required rather sophisticated fabrication techniques or, advanced manipulative skills. Homo sapiens, the variety to which modern humans belong, emerged about four hundred thousand years ago. These hominids had a larger brain and a skull that approached the modem form. A wellknown specimen is the homo neanderthalensis, and similar skeletons have been found elsewhere in Germany, in Wales, in England, and in France. They lived until 30,000 years ago, had brain sizes ranging between 1200 and 1750 mL, weighed 65 kilograms, and were up to 1.7 meters tall. The earliest modern men were taller (between 1.6 and 1.85 meters), but with a brain size approximating that of the neanderthaler man (Stringer, 1992) . They had less prominent bow ridges and a less robust skeleton, longer legs, and the shape of their hip joints and pubic bone suggest that they moved their legs in a modern fashion (Martin, 2002) . The older fossils of these modern men date back to one hundred thousand years ago, and this indicates that the homo neanderthalensis and the modern man have coexisted for a considerable period. The spread of these modern humans over Africa, Asia, and Europe seems to have occurred from around forty thousand years ago (Stringer, 1992) , leaving products of their manual skills and artistic talents at several places, among those in the Cro Magnon caves in the P6rigord in France.
The question on the relation between the emergence of the bipedal gait and the increase in brain size has repeatedly been raised in the past.
The issue at stake is whether it was the larger brain with greater motor capacities that has enabled the hominids to keep balance and to move the legs in a sophisticated fashion, the alternative being that the increase in brain size followed the development of bipedal gait. Studying the trends in the body weight-brain weight ratios in earlier and more recent hominids solves this question. The different varieties of australopithecines walking bipedally, lived from about four until one million years ago, with brain sizes ranging from 400" to 500 mL (Wood 2002) . Only since the emergence of the homo habilis (about 2 million years ago), along with the homo erectus (1.8 million years ago), and the homo sapiens (from around 100,000 years ago), has the brain-to-body weight ratio deflected more steeply from that in the australopithecines and in phylogenetically older apes. The 2.5-to 3-fold increase in brain size, from around 500 grams until around 1400 to 1500 grams, was paralleled by a moderate increase in body weight from an average value of between 40 and 50 kilograms for australopithecines to 60 and 70 kilograms in modern man (Deacon, 2002 , Stringer, 2002 (RetST) in mammals induce the start and halt of these movements, and these also can increase and decrease swimming speed by changing the delay-times between the activation of the respective CPGs (Ten Donkelaar, 1982 , Grillner et al., 1991 .
Amphibians and reptiles live on firm ground, and their four extremities keep the body off the ground. In these orders, laterally descending fiber projections have evolved in the spinal cord, in addition to the phylogenetically older and medially descending projections. The laterally descending fiber projections activate the motoneurones of the extremity muscles. The projections emerge from brain stem nuclei at the contralateral side and most important among these are the red nuclei in the brain stem (giving rise to the rubro-spinal tract, RubST). Its activity in the amphibiae and the reptiliae is superimposed upon the activity in the medially descending systems (Kuypers, 1982) , implying that progression in these animals, is effected by the pattern of trunk movements. An activation of the antigravity muscles in the extremities lifts the body and increases the effectivity of locomotion. Still, some animals are able to make fairly sophisticated leg movements, such as the frog, which, as Ebbeson (1976) has noted is able with its hindlegs to remove a grain of sand from the eye. The medially descending fibers stemming from reticular, vestibular, and tectal nuclei mainly project to the motoneurones of trunk muscles and the activity in these projections is functionally related both to progression and postural activities (Peterson et al., 1979; Vinay et al., 1998; Vinay et al., 2000) .
Quadrupedal mammals have both laterally and medially descending motor projections in the spinal cord, but the functional importance of the laterally descending systems (the RubST and also the more recent corticospinal tract, the CST) and the central motor areas involved in steering extremity movements have drastically increased (Ten Donkelaar, 1982) . Indeed, in quadrupeds propulsion is primarily effected by extremity movements rather than by trunk movements.
In quadrupeds, the RubST plays an important role in activating the extremity muscles involved in locomotion. The RubST particularly governs the activation of the proximal extremity muscles as indicated by the localization of the terminal fields of the projecting fibers (see Kuypers, 1982 for details and references). The red nucleus receives much of its input from the deep cerebellar nuclei. Electrical recordings from these nuclei and from the red nucleus in cats have shown electrical activity in phase with walking movements (Orlovsky, 1972) .
Data from monkeys and the results from a series of elegant experiments in rats (Whishaw et al., 1986) suggest that the RubST is also involved in skillful extremity movements. The crossed portion of the CST in quadrupedal animals, other than in man, probably plays a main role in modulating the afferent information as most fibers terminate in the dorsal horn (Porter & Lemon, 1993 (Holstege, 1991) . Rhythmic leg movements, such as those during walking in quadrupeds and in man, probably are produced by specialized neural circuits in the brain stem and spinal cord, and these circuits (similar to those circuits in fish that produce the axial swimming movements) are known as CPGs (Grillner, 1981 , Cazalets et al., 1995 , Kjaerulff & Kiehn 1996 , Cazalets, 2001 ). The CPGs for the hindleg movements alternatingly activate leg flexors and leg extensors; CPGs have been identified at upper lumbar levels in rats and also in cats, but slightly more caudally. CPGs most probably exist in man as well (Forssberg, 1985 , Forssberg & Dietz 1997 (Lakke, 1997) , whereas the laterally descending systems develop only between week thereafter (the RubST; Lakke, 1997) or still later (the CST; Jones et al., 1982 , Joosten et al., 1989 , Lakke, 1997 . As to the development of the central structures involved, most information is known on the development of the cerebellum. The cerebellum is involved in adjusting postural control to ongoing movements (Grillner, 1981 , Gramsbergen, 1998 , see also Swinny, this issue) and in the fine-tuning of the activity of spinal motoneurones. The Purkinje cells, the deep cerebellar nuclei (the output nuclei) and the so-called precerebellar nuclei (feeding their input to the cerebellum) all develop very early in ontogeny. However, granular cells (the most numerous cell type in the brain) with their parallel fibers impinging upon the Purkinje cells develop markedly late. In the human, the cerebellar growth spurt occurs from shortly before birth well into the first year after birth (Dobbingm, 1981) , but in the rat, this development takes place completely after birth (Altman & Bayer, 1996) . Cortical circuitry in the cerebellum therefore is established only at a relatively late stage in the development of motor control.
These few examples illustrate the complicated timescales in the development of the neural systems involved in extremity movements (the 'lateral system'), in trunk movements (the 'medial system'), and in the cerebellum, which is involved in the integration of these both aspects (see, below). Rats are born at an early stage of brain maturation, which allows investigation of the early stages of development in their postnatal period. Rats of around 13 days after birth might be compared, as the stage of brain development is concerned with humans around term age (Romijn et al., 1991 , see also Clancy et al., 2001 ). In addition, rodents in an evolutionary sense are relatively modern animals. Taking the CST, the most modern descending fiber system as an indicator, in rats this tract descends as far as lumbar levels and at cervical levels invades the ventral horn (Jones et al., 1982) . It has been suggested that the CST is involved in skilled forepaw movements (Whishaw & Metz 2002 . In these respects, rats are more advanced than e.g., cats or dogs.
Shortly after birth, when rats move from their position, movement is effected by undulating movements of the trunk. Two or three days later, the rostral extremities assist in lifting the body from the floor (Gramsbergen, 1998) and another two or three days later, the hindlegs also participate in crawling. The rat then still moves by undulating trunk movements during locomotion very much like those in adult amphibians (and also resembling those in human babies). At the age of about week, rats can stand on their fours and make a few staggering steps. The bouts of such walking movements increase, but the rats keep moving slowly, often with a tremor in the trunk (Altman & Sudarshan, 1975 , Westerga & Gramsbergen, 1990 , Geisler, 1993 . At P15, in the course of day, this immature pattern is replaced by a smooth and adult-like walking pattern (Westerga & Gramsbergen, 1990) .
From then onward, the feet and limbs remain adducted, the fluency and the speed of walking increase remarkably, and equally striking are the sudden variations in walking speed that can occur. This transition is accompanied by changes in EMG patterns of the major hindlimb muscles. Until the 15 th day, EMG recordings of the gastrocnemius muscles, the soleus, and the tibialis muscles show irregular activity. The gastrocnemius muscle (the limb extensor) and its antagonist, the tibialis anterior muscle (the flexor), often show simultaneous activity (Westerga & Gramsbergen, 1993 , much like the cocontractions that have been described by Forssberg (1985) in the legs of human babies during "infantile stepping". After the transition into the adult-like walking pattern, clearly delineated EMG bursts occur. A long 'tonic' burst in the gastrocnemius muscle accompanies the stance phase, and a brisk burst in the tibialis anterior muscle precedes the onset of the swing phase; the co-contractions in the antagonistic muscles have disappeared after this shift (Westerga & Gramsbergen, 1993) .
At earlier ages, the lateral and medial longissimus muscles in the back are irregularly activated during locomotion. From P16, the medial back muscles are continuously active during walking and standing and the laterally located back muscles are activated in phase with the stepcycle of the hindlegs (Geisler et al., 1997) . Then, the muscle is active during the contraction of the contralateral gastrocnemius muscles (i.e. during the stance phase at that side). During later development, a further rearrangement in the activity of the back muscle activity occurs. From P21, the lateral back muscle is activated during the contraction of the gastrocnemius muscle at the ipsilateral side, and this shift possibly relates to an increased efficiency of such coupling (Gramsbergen et al., 1999) .
Based on these results, we concluded that postural control is the decisive factor in the development of the adult-like walking pattern. Strong additional evidence has been obtained in experiments in rats subjected to deprivation of part of the vestibular information, by plugging both horizontal semi-circular canals at P5. Behavioral observations in these animals indicated that such interference with vestibular input leads to a marked retardation in those patterns requiring a high degree of postural control, such as grooming (retarded by or 2 days) and rearing (standing on the hindlegs without support) by 4 to 5 days (Geisler et al., 1996) . This delay leads to a retardation in the development of fluent walking by 3 to 4 days (Geisler et al., 1996; (Grillner, 1981 , Gramsbergen, 1998 (Grillner, 1981 , Brodal, 1992 Secondly, cerebellar anomalies are related to a loss of fluency in movements and to a retarded development of complex motor patterns like walking. In Down's syndrome, in which cerebellar development is both decreased and retarded, the development of postural control and motor performance is delayed and often remains suboptimal to a larger or lesser degree (Henderson et al., 1981 , Shumway-Cook & Woollacott, 1985 . In our own experiments in rats, we ablated a cerebellar hemisphere at the 2nd, 5th, and 10 th days, and at later ages as well. In animals lesioned until the 10 th day, we demonstrated that motor development until the 15 th day (the age at which the transition into the fluent walking pattern normally merges) is normal, but that this shift did not ccur in rats subjected to a cerebellar hemispherectomy (for details and references, see Gramsbergen, 1998) .
Based on these considerations, we suggested that, the cerebellum plays a key role in the feedforward programming of postural adjustments along with complex movement programs.
EPILOGUE
Postural control in humans is dependent, to a large extent, upon trunk and neck muscles, as well as on antigravity muscles in the legs. The discussion above h as indicated that in vertebrates, the axial muscles (from fish onward) and their neural control have a phylogenetically older history than the flexor and extensor muscles involved in walking and the distal extremity muscles in manipulating. Data on the ontogeny of motor control indicate that the skeleto-muscular structures and neural systems involved in postural control develop partly ahead and partly later than the structures and systems involved in steering extremity movements.
The cerebellum obviously has a pivotal role in mutual adjustments in the functioning of the phylogenetically older and newer structures. From a phylogenetic perspective, it is interesting to note that the cerebellum increased its relative size from reptiles onward, particularly in birds and mammals (Crosby, 1969) . In higher vertebrates, the cerebellum plays a prominent role in the control of movement and in the acquisition of motor skills. The cerebellum develops partly after birth in the human and therefore is vulnerable to adverse perinatal influences (such as deficient food supply, prolonged treatment with corticosteroids etc; Gramsbergen, 1998) . Both factors seem to justify focusing our scientific research efforts on the development of this structure.
